
21.2 

HIGH VOLTAGE SURGE AND PARTIAL DISCHARGE TESTS 
TO EVALUATE EQUIPMENT COMPONENTS 

William G. Dunbar 
Boeing Aerospace Company 

Seattle, Washington 98124 

Abstract 

Airborne power supplies and equipment which sup
ply megawatts of power at tens of kilovolts require 
designs of minimum weight and volume which imply com
pact systems with high density packaging. This is es
pecially a concern of high voltage electrical compo
nents. This paper describes high voltage tests, test 
parameters, and the test results for capacitors, 
cables, and magnetic devices. In addition, the value 
of dielectric withstanding voltage tests compared to 
surge tests and partial discharge tests is discussed. 

Introduction 

Standards for design and testing of terrestial 
power system components and equipment have evolved 
through an iteration process involving interactions 
between designers, manufacturers, quality controllers, 
and users. High power/high voltage airborne systems 
do not have this developmental process on which 
to base design standards. As a result, in 1978 prelim
inary specifications were written for all the 
electrical, mechanical, and environmental requirements 
and test parameters for such system components. 1 The 
tests and standards which apply for commercial equip
ment were used and referenced when applicable. A test 
plan was then designed to evaluate and verify the pa
rameters listed in the specifications for commercially 
available high-voltage components typically used in 
airborne systems. This was done by writing detailed 
test procedures, obtaining representative test 
samples, and testing to t~e specified parameters. Fol
lowing completion of the overall testing program, the 
aforementioned test and specification criteria docu
ments will be updated to reflect the findings. 

When lightweight, high density packaging is required 
for a specific component design, it becomes necessary 
to electrically stress the dielectric material or insu
lation much greater than normally encountered in 
terrestial commercial applications. Corona tests 
clearly indicate the possibility of lack of insulation 
integrity with respect to voids and bonded joints 
within the insulation. Surge tests tend to open, or, 
in some cases, explode the deficiencies in such a man
ner that a clear signature may be obtained. Partial 
discharge tests are non-destructive but also may not 
be informative. Surge tests may totally destroy a 
test sample if improperly conducted or if there are 
flaws in the dielectric system which may eventually 
lead to shortened life or early failure. Selecting and 
ranking the tests must be done with great care. 

Test Articles 

Nine test articles were selected for high voltage 
evaluation to verify the specifications. These test 
articles represent critical components of a high
voltage, high-power airborne system. Included were 
cable assemblies composed of the cables and· con
nectors, generator coils, and capacitors. To make the 
evaluation tests more meaningful, the capacitors and 
cable assemblies were selected from production lots, 
rather than development hardware programs. Therefore, 
manufacturing processes could also be evaluated. 
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Tests 

Each component was given preliminary tests to de
termine insulation resistance at 100 volts de, and the 
capacitance using a standard ASTM capacitance bridge 
at low voltage. These measurements were made to deter 
mine the loading for the partial discharge test equip
ment and the surge test load impedance. Insulation re
sistance was measured prior to high-potential tests. 
The pass criterion was that each test article have an 
insulation resistance of at least 1000 megohms. 

High-voltage tests included dielectric with
standing voltage, surge test, and partial discharge 
tests. Visual tests were made during testing and fol
lowing each test to determine failure sites on the 
test articles. The samples were all tested to values 
exceeding the manufacturers' specified rated values by 
60 to 100 percent. It was desired to determine the 
limits of the insulation system and the value of each 
specified high-voltage test, rather than to evaluate 
the specified quality of the component. 

High-Voltage Tests 

High-potential tests are designed to electrically 
stress high-voltage components and equipment, but with 
safety margins sufficient to protect the equipment 
from damage or malfunction. 

High-potential tests were intended to detect insu 
lation flaws, discontinuities, aging cracks, and 
deteriorated or inferior insulation. A hole or crack 
in insulation, across which a high voltage will dis
charge repetitively, may ultimately allow a carbonized 
conductive path to form and cause the insulation sys
tem to fail. These paths may be detected by high
potential tests. The high-potential for partial dis
charge and dielectric withstanding voltage (DWV) 
should be applied for 60 seconds. Repeated applica
tion of the high-potential can reduce the life of the 
insulation. Whether significant reduction in dielec
tric life occurs depends on the number of tests, the 
insulation material, and the insulation thickness. Ten 
high-potential tests should not permanently damage the 
insulation. 

The dielectric withstanding voltage was applied 
between mutually insulated elements of each test arti
cle. For commercial equipment the test voltage re
quirement is two times normal voltage plus 1000 volts. 
The DWV test voltage specified was up to, but not 
exceeding double the operating voltage. The DWV test 
was decreased for the following reasons: 

o The component or equipment can have an overall life 
of approximately 10 years but is required to oper
ate only 1 percent to 2 percent of that time. 

o All components will be burned-in and the qualifica
tion units will be accelerated life tested. 
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Surge Tests 

Surge tests are known as basic insulation level 
(BIL) tests for commercial equipment. These tests are 
required for components and equipment that will be 
used where lightning, electromagnetic pulses (EMF), or 
switching surges are expected. A surge test subjects 
the insulation to a voltage pulse having a rise time 
of 1.2 microseconds, and a 50-microsecond fall to 
one-half peak voltage. This is a slower rise time 
than an electromagnetic pulse which has a rise time as 
fast as 1 to 10 nanoseconds. Surge tests were con
ducted using the procedures outlined in IEEE Publica
tion, Number 4, 1978. 

It was specified that the test articles be surge 
tested with 5 to 10 positive impulses. For commercial 
equipment the peak voltage of the surge test is usu
ally about 5 to 6 times the operating voltage. A 
value of 1.6 to 2.0 times the operating voltage is 
recommended for airborne equipment, since transients 
in these systems are generally limited to 150 percent 
of the operating voltage. 

Partial Discharge Tests 

Partial discharge (corona) tests are used to seek 
out insulating material flaws by detecting partial dis
charges which occur in laminations, cracks, and voids. 
Each test article was connected to the high voltage 
circuit of a partial discharge test facility and 
tested for partial discharges and/or corona. Capaci
tors were tested with de voltages only. The following 
details applied to the tests. 

o. Magnitude of test voltage - 100 percent rated 
operating voltage (de or ac, as applicable) 

o Duration of application of test voltage--partial 
discharges shall be measured for 60 seconds after 
the operating voltage is attained. Voltage shall 
be increased from 0 to operating test voltage at 
a rate of 500 volts per second. A waiting period 
of 2 minutes shall occur at full steady-state volt
age before partial discharge counting commences. 

o Partial discharges for organic insulation shall 
not exceed more than one discharge per minute 
above 10 pc. Partial discharges greater than 1000 
pc are unacceptable for organic-insulated 
components. 

Findings 

Low Voltage Tests 

The low voltage tests were made following a visu
al inspection. Each test article surpassed the mini
mum specified insulation resistance of 1000 megohms. 
The capacitance of the cable assemblies, capacitors, 
and coils were all within 5 percent of the calculated 
or manufacturer's specified value. 

Dielectric Withstanding Voltage 

The test articles were subjected to dielectric 
withstanding voltage values based upon the manufac
turer's recommendation for the component's rated 
operating voltage. Dielectric withstanding voltage 
measurements were taken in a step series sequence with 
10 seconds hold at each of the lower voltage levels 
and one minute hold at the highest voltage. The first 
three steps were at rated voltage, 125 percent, and 
150 percent rated voltage; the final step was taken at 
the full DWV voltage. The full DWV for capacitors and 
generator coils was 200 percent rated voltage and the 
full DWV for cables and cable assemblies was 160 per
cent rated voltage. All test articles passed the di-

electric withstanding voltage test. The voltage was 
decreased at a rate of 10,000 volts per second follow
ing the one-minute hold at the rated DWV voltage. A 
visual inspection of the test articles revealed no in
dication of damage by arcing, heating, or tracking fol
lowing the DWV test. 

Surge Test 

Several test articles failed to survive the 200 
percent rated surge voltage test shown in Table 1. One 
cable assembly (A-4) and one capacitor (B-3) failed to 
pass a surge test at rated voltage. This indicated 
that the test article was either damaged by the DWV 
test, there were flaws in the insulation system which 
were not identified by the DWV test. Obviously, the 
surge test gave a better indication of insulation in
tegrity than the DWV test on these components. 
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TABLE 1. SURGE TEST DATA 

Test Part Voltage, Test Status 
Article Designation kV Voltage,kV 
Cable A-1 90 120 Fail 

Cable 
Assembly A-2 90 120 Fail 

A-3 60 75 Fail 
A-4 60 50 Fail 

Capacitor B-1 100 110 Pass 
B-1 100 165 Borderline 

Pass 

Capacitor B-2 100 119 Pass 
155 Damaged 

Capacitor B-3 80 51 Pass 
48 2nd test Fail 

Capacitor C-1 15 14.5 Pass 

Generator Coil 
Turn-To-Turn Insulation Thickness (Polyester-Glass) 

12 mils D-1 2.8 8 Fail 
18 mils D-2 2.8 8 Pass 
24 mils D-3 2.8 11 Pass 
30 mils D-4 2.8 13 Fail 

Some photographs of good insulation integrity and 
of breakdown are shown in Figures 1 and 2 for the 
alternator coils and Figures 3 and 4 for the cable 
assembly (A-3). The two photographs shown in Figures 
1 and 3 are of signals produced by the surge tester 
operating into a matched line impedance indicating a 
good insulation system. The waveforms displayed in 
Figure 2 and 4 represent the same initial waveform ter 
minated into a shorted or partially shorted circuit. 
The initiation time for the short circuit is calcu
lated by determining the maximum voltage rise to the 
sudden fall before the oscillations occur. 

The cable assembly A-2 was tested to 120 kV peak. 
Following the test, the test data waveform indicated 
an insulation breakdown. The cable was examined and 
a puncture was visible at the cable shield termina
tion. The termination was dissected and the insula
tion flaw was found to be between the primary insula
tion and the shield extending into the primary insula
tion toward the inner conductor, Figure 5. In Figure 
6, the delaminated insulation system is exposed. 
Shown is a crack and a very dark spot where the arcing 
occurred. The bright area indicates an unbonded sec
tion near the shield termination--an air filled void. 



Figure 1: Generator Coil, D-2, Negative Surge; 
Vertical: 4kV /div; Horizontal: 500ns/div 

Figure 2: Generator Coil, D-1, Negative Surge Failure; 
Vertical: 2kV /div; Horizontal: 500ns/div 

Figure 3: Cable Assembly, A-3, Positive Surge; 
Vertical: 10k V /div; Horizontal: 2JJ.S/div 

Figure 4: Cable Assembly, A-3, Positive Surge Failure; 
Vertical: 20k V /div; Horizontal: 2JJ.S/div 
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Figure 5: Cable Assembly, A-2, Post Surge Test Failure 
Analysis Showing Shield Bond Void 

-

Figure 6: Cable Assembly, A-2, Showing Detail of Bond 
Failure 

Partial Discharge Test 

Each test article was subjected to a partial dis
charge. Test results for the components are shown in 
Table 2. The test data for these items were derived 
from the outputs of a corona test set which includes 
a Nuclear Data ND-60 pulse height analyzer. The 
counts per second recorded in Table 2 are the 
accumulated pulses recorded for all channels 
indicated. 

The partial discharge test data indicated that 
the test articles were damaged by either the DWV or 
surge testing. This damage to the insulation resulted 
in very high partial discharge test signatures. This 
is an indication that more voids exist either by 
delamination, as is the case for the damaged cable 
assemblies, or that the liquid was forced from weak 
areas within the capacitor foils. All components that 
indicated surge test damage had higher than normal 
picocoulomb readings. 

A capacitor (C-1) with no indication of surge 
test or DWV test damage had very low picocoulomb read
ings before and after the surge tests. 

The generator coils are insulated with a polyester 
glass matrix with the edges of each coil exposed to 
atmospheric conditions. Therefore, partial discharges 
will be generated within the polyester glass matrix 
and in the air space across the coil edges. Partial 
discharges as high as 350 picocoulombs were recorded 
for two coil surfaces. These large readings, although 
undesirable, will not damage the insulation within the 
allowable equipment lifetime of approximately 100 
hours. The ac partial discharge initiation and 
extention voltages are 2.9 and 2.7 kV, respectively. 



TABLE 2. PARTIAL DISCHARGE TEST DATA FOLLOWING SURGE AND DWV 

Number of Partial Discharges/Second At Rated Voltage 

Test Part Test Pulse Height - PC 
Article Designation Voltage 1-2 3-4 4-5 9-10 20-30 30-40 Status 

Cable A-1 75.3 Many 1. 45 0.65 0.03 0.7 0.012 fail 

Cable 
Assembly A-2 Connector breakdown during surge test fail 

Cable A-3 60.3 2.77 0.5 0 0 0 0 pass 
Assembly 

Cable 
Assembly A-4 50.3 3.4 1.5 0.02 0 0 0 pass 

Capacitor B-1 100.1 50 0.8 0.41 0. 18 0.33 0.03 fail 

Capacitor B-2 99.7 0.5 0.215 0 0 0 0 pass 

Capacitor B-3 Breakdown occurred at 2.5 kV fail 

Capacitor C-1 
Pre surge 15 0.0 
Posts urge 15 0.016 

Conclusions 

Based on the test articles evaluated in this pro
gram, the following conclusions are drawn: 

o Nine high-voltage components were subjected to the 
insulation resistance, capacitance, dielectric 
withstanding voltage, surge, and partial discharge 
tests. It was found that the insulation resistance 
and capacitance test methods and parameters are 
acceptable. The partial discharge and dielectric 
withstanding voltage and surge test methods are 
acceptable but the test parameters for airborne com
ponents must be lower than that specified for 
heavier, larger volume commerical components of the 
same voltage and energy ratings. 

o The dielectric withstanding voltage parameters 
should be reduced to 160 percent component rated 
voltage to adequately test the component yet not 
destroy its insulation integrity or reduce the 
insulation life. 

o To prevent insulation system damage, the surge peak 
voltage should be limited to 200 percent component 
rated voltage. In addition, the surge test voltage 
wave shape must be revised to the acceptable limits 
imposed by the anticipated surges inherent in the 
design of the equipment. 

o A new test sequence should be followed to verify in
sulation integrity following the high-voltage DWV 
and surge tests. The sequence should be: 

insulation resistance 
capacitance 
partial discharge 
dielectric withstanding voltage 
surge 
partial discharge 
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0 0 0 0 0 pass 
0 0 0 0 0 pass 

o Components passing the DWV and surge tests must 
pass the second partial discharge test with less 
than 20 percent increase in picocoulomb maximum par 
tial discharge in a one-minute test period. 
Values exceeding 20 percent increase indicates per 

manent internal damage to the insulation. 

o Partial discharge magnitudes for the polyester
glass insulated generator coils must be much higher 
than for shielded or contained components, such as 
cable assemblies and capacitors. Maximum 
picocoulomb values to 1000 pc are acceptable for 
the alternator polyester-glass matrix materials. 
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